General consideration
Unless stated otherwise all synthesis and manipulations were performed under aerobic conditions. (CH 3 ) 2 
DNA synthesis
All oligonucleotides were synthesized on an automated ABI3400 DNA/RNA synthesizer (Applied Biosystems, Foster City, CA, USA) through solid phase oligonucleotide synthesis starting from corresponding controlled pore glass (CPG) at a 1 μmol scale. 1 Amine was directly coupled at the 5′-end of oligonucleotides with an extended coupling time. All oligonucleotides were deprotected in 3 mL AMA solution (ammonium hydroxide: 40% aqueous methylamine = 1 : 1) at 65 °C for 30 min. Then the oligonucleotides were precipitated by adding 250 µL of 3 M NaCl and 6 mL of cold ethanol. Then the precipitated oligonucleotides were collected by centrifugation at 4000 rpm for 30 min and dissolved in 400 µL of triethylammonium acetate (TEAA)
for further purification by reverse-phase high-pressure liquid chromatography (HPLC) (ProStar, Varian, Walnut Creek, CA, USA) with a C18 column (5 μm, 250 mm × 4.6 mm, Higgins Analytical) using acetonitrile and 0.1 M triethylammonium acetate (TEAA) aqueous solution as the mobile phase. After being dried by SpeedVac concentrator, the oligonucleotides products were obtained, and their concentrations
were measured with a UV−vis spectrometer (Cary Bio-300, Varian). 
MTS assay
The cytotoxicity of NHC-Au complex or aptamer-drug conjugate for each individual type of cell was determined by MTS assay using a CellTiter 96 Quantitative and statistical analyses were performed using the nonlinear dose response curve fitting in Origin 8.5 software.
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Flow cytometry analysis
Cells were plated in a 75 cm 2 tissue culture flask (Olympus Plastics, Genesee Scientific, CA, USA) and grown to around 80% confluency for 24 h before the experiments. Cells were washed twice with 1 mL PBS and dissociated using nonenzymatic dissociation buffer, then incubated with the prepared aptamer-drug conjugate at the concentration of 250 nM for 30 min at 4˚C. After incubation, cells
were washed with washing buffer three times, dispersed in 80 μL binding buffer, and finally subjected to flow cytometry analysis using BD Accuri C6 cytometer (Becton Dickinson Immunocytometry System, San Jose, CA). Fluorescence was determined by counting 30,000 events, and data were analyzed with FlowJo software. AS1411
aptamer was used as a positive control at the same condition, and LIB-2 conjugate was used as negative control to determine the background binding.
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Confocal microscopy
Cells were incubated with 100 nM AS1411-2 conjugate in serum-free cell culture medium at 37°C with 5% CO 2 for 30 min. Then the cells were washed three times with Dulbecco's PBS and taken for confocal microscopy. In the internalization experiment, HeLa cells and HEK293 cells were incubated with 100 nM AS1411-2 conjugate in serum-free cell culture medium at 37°C with 5% CO 2 for 2h, followed by stained with diluted Hochest 33342 (1:10000 dilution) solution for another 10 min.
Then the cells were washed three times with Dulbecco's PBS. Fluorescence imaging was performed on a Leica TCS SP5 confocal microscope (Leica Microsystems) with a 63× oil immersion objective. AS411-2 was excited at 460 nm. Hoechst 33342 was excited at 405 nm.
Gel electrophoresis
Each DNA sample (10 µM, 10 µL) was mixed with 4 µL of glycerol and analyzed by 3% agarose gel at 110V for 25 min in 1x TBE buffer (89 mM tris(hydroxymethyl)aminomethane, 2 mM ethylenediamine tetraacetic acid and 89 mM boric acid, pH 8.0). The bands were stained by ethidium bromide (EB), visualized by UV illumination (312 nm), and photographed by a digital camera.
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Synthesis of NHC-Au complex 2
100 mg of complex 1 was dissolved in 5 mL of acetone, then 35.0 mg of triphenylphophine (0.133 mmol, 1.10 equiv.) and 24.0 mg of KPF 6 (0.133mmol, 1.10 equiv.) were added. The mixture was stirred at room temperature for 30 min.
Then the mixture was filtered through Celite and the filtrate was dried under vacuum.
The yellow residue was dissolved in 2 mL of DCM and washed several times with water, then 10 mL of hexane was added to the organic solution to precipitate the cationic NHC-Au complex 2. 
Synthesis of aptamer-drug conjugate
In a 2 ml eppendorf ® tube, 0.1 μmol (1 equiv.) of aptamer on solid supporting beads were suspended in a 1000 μL THF solution of NHC-Au complex 2 (10 μmol, 100 equiv.). 1.4 μL of trimethylamine (100 equiv.) was slowly added and completely mixed. The mixture was shaken at room temperature for 18 h, after which it was centrifuged for 30 minutes at 4,000 rpm. The supernatant was decanted and the solids part (crude DNA products on the beads) were washed three times with THF, then , and then to 100 % (min 47:37). The flow rate was kept at 1 ml/min, and temperature was maintained at room temperature. AS1411-Ligand and LIB-2 were synthesized with the same S11 method.
10. Quantification of AS1411-2 by using UV-visible spectroscopy. . (3) The molar extinction coefficient of NHC-Au complex 2 was determined using Lambert-Beer law with a result of ɛ (375 nm) =5000 M -1 cm -1 . (4) UV-visible absorption spectra of AS1411-NHC-Au conjugate and AS1411, the absorbance at 260 nm for both sample was normalized to 1 (H 2 O: Acetonitrile=1:1).
The UV-visible absorption spectra of complex 2 was collected at five concentrations from 3.6×10 -6 M to 9.3 ×10 -6 M ( Figure S2 (1)). By applying Lambert-Beer law, the molar extinction coefficient of complex 2 was calculated as ɛ (375) = 5000 M 
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From Figure S2 (4), the AS1411-2 has exhibited combined absorption features from both complex 2 and AS14111 components. Specifically, the intensive absorption at 260 nm was majorly contributed by AS1411, and the absorption at 375 nm was primarily attributed to complex 2. In order to calculate the relative molecular ratio of complex 2 and AS1411 in the AS1411-2 conjugate, the absorbance at 260 nm (AS411) and 375 nm (complex 2) were measured, and the absorption contribution from complex 2 at 260 nm and the contribution from AS1411 at 375 nm were corrected (equation (1)). The concentrations of complex 2 and AS1411 aptamer in the conjugate were calculated using the following equations (1), (2), and (3). (A is the observed absorbance of AS1411-2 conjugate at noted wavelength). The molecular ratio of complex 2 and AS1411 in the AS1411-2 conjugate was estimated by average of three measurements. 
